Underreporting of alcohol consumption is one of the major challenges in survey research including self-reports. The aim of this study was to test whether underreporting can be reduced by prompting respondents to first reflect on their drinking in the past week and then answer quantity-frequency based screening questions on their typical alcohol use. Data come from 2,379 adults (54% female; mean age = 31.8 years, SD = 11.4 years) consecutively recruited at a local registration office in northeastern Germany. Participants responded to an electronic, self-administered questionnaire on different health behaviors. They were randomized to receiving the Alcohol Use Disorders Identification Test-Consumption (AUDIT-C) either before or after the assessment of past week timeline follow-back questions. Logistic regression models were calculated predicting positive screening results for at-risk drinking. Potential interaction effects with gender, age and educational background were explored. Results show that the assessment of past week alcohol consumption prior to the assessment of the AUDIT-C reduced the odds of obtaining positive screening results (OR = 0.83; 95% CI = 0.70-0.99). There were no interaction effects with gender, age and educational background. As a secondary finding, participants reported consistently lower alcohol consumption in the alcohol measure that was administered later in the questionnaire. Preceding questions about alcohol consumption in the past week reduced the probability of positive screening results for at-risk drinking. Our findings suggest that prompting people to recall past week alcohol use prior to screening may not be a solution to reduce underreporting.
Introduction
Misreporting of alcohol consumption is a problem in population surveys: people struggle in reporting their actual alcohol consumption accurately [1] . Misreporting on self-report a1111111111 a1111111111 a1111111111 a1111111111 a1111111111 measures may compromise the detection of individuals with hazardous alcohol consumption. Furthermore, misreporting attenuates the quality of evidence that is used to estimate the risk for alcohol-related problems and to derive low-risk drinking guidelines [2, 3] . While both over-and underreporting of alcohol consumption have been observed, the gap between selfreported alcohol consumption and estimates derived from alcohol sales data indicates that underreporting is the more severe problem [4] . Underreporting has been found to vary by gender and age [5, 6] , drinking pattern [4, 7] as well as by features of the research instrument [8] . If quantity-frequency items and retrospective diary methods were compared within the same sample, the latter would yield substantively higher estimates of average alcohol consumption [9] [10] [11] .
The magnitude of underreporting may partially be explained by recall errors [9, 12] . For instance, one of the most widely used screening instruments for hazardous alcohol use, the Alcohol Use Disorders Identification Test-Consumption (AUDIT-C) [13] , assesses respondents' self-reported typical frequency and quantity of alcohol consumption [14] . In order to provide valid answers, respondents are expected to consider and reflect on past drinking episodes that have to be condensed to a global appraisal of typical drinking frequency. It is questionable whether respondents perform such a complex cognitive operation. It seems unlikely that they have detailed episodic representations available, unless the behavior is rare and of considerable importance [8] . Concerning frequent behavior, it seems more likely that respondents roughly estimate their drinking by drawing upon schemas stored in memory [15] rather than counting individual episodes. According to cognitive psychology, schemas are structured units of knowledge that contain easily accessible information about subjects, events or the self [16] . These estimates may be imprecise and open to bias [12] . Imprecision may be an issue for the assessment of typical drinking quantity, too. Respondents are expected to provide information on average quantity of alcohol consumed. However, there may be large variations in quantities within one person [17] . As a consequence, the purpose of the quantity-frequency approach may be undermined by human's memory constraints. The respondents' way of obtaining their respective answers may be based on schemas rather than on accurate episodic memories as intended by the measure.
Besides recall deficits, underreporting may also be explained by general tendencies towards socially desirable responding [18] or by bias resulting from specific social context factors [19] . Respondents may be influenced by social norms that are salient in a given situation [20] , the interview situation [21] , the interview setting [22] or the way the respondents perceive the intention of the interviewer [12] as well as their anonymity [23] .
Nevertheless, quantity-frequency based measures assessing typical behavior such as the AUDIT-C [24] are recommended and frequently used. Retrospective measures with short reference periods may be less prone to recall bias [19] , but may disregard seasonal [25] , eventspecific [26] or even random variability in alcohol consumption [12, 27] . Prospective measures may be expected to yield most valid information [1] but seem impractical for routine care and brief interventions.
As outlined above, respondents are likely to roughly estimate their typical drinking frequencies and quantities based on available schemas [8] . Schemas are applied and updated in comparison with new experiences [16] . Given the assumption that schemas contain an underestimate of the respondents' true alcohol consumption, respondents might be prompted to correct their schema upwards when confronted with memories of more intense drinking. Recent drinking can be expected to be higher than respondents' reported average consumption [9-11, 28, 29] . Regarding the assessment of alcohol use, the content of preceding questions can shape response behavior in subsequent ones [12, 30, 31] . Therefore, we hypothesized that preceding questions about alcohol consumption in the past week may reduce underreporting in a subsequent quantity-frequency based screening measure as respondents may become more aware of the discrepancy between their most recent consumption and their estimated average.
The aim of the present study was to test (i) whether underreporting of alcohol consumption may be reduced by prompting respondents to reflect on their drinking in the past week prior to the assessment of frequency and quantity of drinking, and (ii) whether this effect is moderated by socio-demographic variables, namely gender, age and school education.
Materials and methods
Data were collected as part of the randomized controlled trial "Testing a proactive expert system intervention to prevent and to quit at-risk alcohol use" (PRINT, German Clinical Trials Register: DRKS00014274, date of registration: 2018/03/12) described in more detail elsewhere [32] . The ethics committee of the University Medicine Greifswald approved the study (protocol number BB 147/15).
Participant recruitment and study procedure
Participants were recruited from the general population. In April and May 2018, all clients aged 18 to 64 years who appeared in the waiting area of the registration office in Greifswald, Mecklenburg-Western Pomerania, Germany, were approached by study assistants. The registration office is the public authority for registration, passport and vehicle admission issues in Germany. Clients were asked to fill in a questionnaire on health behaviors. Clients cognitively or physically incapable, clients with insufficient language or reading skills, clients having already been approached during an earlier visit, escorting persons and clients employed at our research institute were excluded.
Clients received oral and written information about study purpose, data handling and anonymity. Those who agreed received a tablet computer, and were briefly instructed into the handling of the tablet-based, self-administered questionnaire. All participants recorded their informed consent electronically on the tablet computer prior to participation. Written informed consent and personal data was obtained from those participants who were eligible to participate and who agreed to participate in the PRINT trial. This procedure was approved by the ethics committee of the University Medicine Greifswald (protocol number BB 147/15).
Completing the questionnaire took 5 to 10 minutes. Participants who reported alcohol use in the past 12 months ("Did you drink alcohol in the past 12 months?") received a detailed alcohol assessment (i.e. screening for at-risk alcohol consumption, past week drinking, and motivational constructs related to alcohol consumption) and comprised the final sample analyzed in this study.
Experimental conditions
Participants were assigned to study conditions using a random generator implemented in the tablet computers. This randomization affected all participants who received the detailed alcohol assessment. One condition was first asked to recall past week alcohol use before responding to the alcohol screening measure (Screening with prior past week recall). The other condition was asked to respond to the alcohol screening measure first (Screening without prior past week recall). In this condition, past week alcohol use was also assessed, but after the screening. Participants were unaware that this randomization took place.
Measures
Alcohol use measures. The detailed alcohol assessment included (i) the Alcohol Use Disorders Identification Test (AUDIT) [33] as screening measure, and (ii) timeline follow-back questions (TLFB) [34] to ask for alcohol use in the past week.
Concerning the screening measure, the AUDIT-C [13] was used to screen for at-risk alcohol consumption. The AUDIT-C has been validated in general population samples [14, 35] and showed very good sensitivity in detecting at-risk drinking. Regarding specificity, results were mixed [14, 35] , depending on the cut-off value used. We used cut-off scores of � 4 for women and � 5 for men [36] . The third item ("How often do you have 4 [for women] / 5 [for men] or more alcoholic drinks on one occasion?") was adapted to gender-specific limits of current low-risk drinking guidelines [24, 37] . Beyond that, answers on the first two items ("How often do you have a drink containing alcohol?" and "How many drinks do you have on a typical day when you are drinking?") were computed into an index for average weekly alcohol consumption by assuming the median of each response option.
Concerning the past week recall, TLFB questions [34] ask participants to indicate the number of alcoholic drinks they had on each of the seven days prior to the assessment. For both the AUDIT and TLFB items, participants were informed about the concept of standard drinks with a note displayed on the tablet screen that included exemplary beverages. A drink was defined as 0.25-0.3l beer, 0.1-0.15l wine or sparkling wine or 4cl spirits.
Covariates. Gender, age, educational background, and relationship status were assessed. Educational background included 9 years or less, 10 to 11, and 12 or more years of school education. Relationship status was coded one when currently married or living in a partnership, and zero when not. Furthermore, smoking status (never, former, current smoker) was assessed.
Statistical analysis
Differences between experimental conditions were tested using two-sided t-tests, χ 2 -tests or Mann-Whitney-U-tests with p < .05 as significance level. In order to test whether prior past week recall of alcohol use affects screening results, logistic regression models were calculated. Data were analyzed in three steps. First, at-risk alcohol consumption according to the AUDIT-C score (0 = low-risk alcohol use, 1 = at-risk alcohol use) was regressed on experimental condition (0 = screening without prior past week recall, 1 = screening with prior past week recall) (unadjusted model). Second, gender, age, educational background, relationship status and smoking status were added as covariates (adjusted model). Linearity of age as continuous predictor and log odds was tested with graphical analysis using the LOWESS technique and the Box Tidwell Transformation Test [38] . As the assumption of linearity was violated, we collapsed age into a categorical variable with three groups (18-29, 30-45 and 46-64 year-olds). In a third step, we explored whether gender, age or educational background moderated the effect of experimental condition on screening by adding respective interaction terms into our regression model. Results of logistic regression models were given as odds ratios (OR), 95% confidence intervals (CI) and exact p-values. All statistical analyses were carried out using Stata 14 [39] . As the tablet computers did not allow for skipping items without providing an answer to the respective question and we had no data loss due to technical reasons, there was no missing data.
Results

Sample characteristics
Overall, 6,645 persons appeared in the waiting area during our recruitment period. Among them, 3,966 were eligible for our survey. Of all eligible clients, 2,947 (74.3%) participated in the survey. Of these, 392 reported no alcohol use in the past 12 months and did not receive the detailed alcohol assessment. Randomization took place for 2,555 participants (Fig 1) , of whom 1,297 were assigned to Screening with prior past week recall and 1,258 to Screening without prior past week recall. Among the 2,555 randomized participants, 119 did not complete the assessment due to insufficient waiting time in the registration office. Further 55 participants, who received the detailed alcohol assessment, indicated current alcohol abstinence on the first AUDIT-C item. These participants were excluded from analysis. Two persons with highly inconsistent disclosures (daily drinking of more than 800 grams of alcohol on the past week items and drinking less than once per month on the first AUDIT-C item) were also excluded. The final sample to be used for analysis encompassed 2,379 participants.
The final sample (N = 2,379; 54.3% female) had a mean age of 31.8 years (SD = 11.4). Sixtytwo percent (n = 1,482) had 12 or more, 31.2% (n = 742) 10 to 11 and 6.5% (n = 155) had 9 or less years of schooling. Current smoking was reported by 33.5% (n = 798). There were no statistically significant differences between the two experimental conditions regarding sociodemographic characteristics or smoking (Table 1) .
Alcohol measures across conditions
According to the first two AUDIT-C items, the average weekly alcohol consumption in our sample was 2.9 alcoholic standard drinks (SD = 4.3). In the week prior to their respective assessment, participants drank on average 5.0 alcoholic standard drinks (SD = 7.2). There were no differences between experimental conditions concerning average weekly consumption (p = .692) and AUDIT-C score (p = .420). The condition Screening with prior past week recall reported a significantly higher number of alcoholic beverages in the TLFB items (p < .001), and revealed a lower percentage of positive screenings for at-risk alcohol consumption (p = .040) than the condition Screening without prior past week recall.
Logistic regression models
The unadjusted model revealed that experimental condition significantly predicted screening result (OR = 0.84; 95% CI: 0.71-0.99). This finding remained significant in the adjusted model 
Alcohol consumption
At-risk alcohol consumption according to AUDIT-C (OR = 0.83; 95% CI: 0.70-0.99; Table 2 ). The three subsequently conducted logistic regression models revealed that neither gender (p = .977), nor age (p = .603 and p = .081), nor educational background (p = .613 and p = .796) moderated the effect of experimental condition on screening result.
Discussion
Our study revealed two main findings. First, respondents who were asked to recall their past week alcohol use before responding to the AUDIT-C had reduced odds of receiving a positive screening result. Furthermore, in both conditions the alcohol measure that was assessed first revealed higher values in comparison to the other condition, in which the respective measure was assessed second. Our study revealed that underreporting of alcohol consumption in screening measures may not be reduced by preceding questions about alcohol consumption in the past week. In accordance with previous studies [9-11, 28, 29] , we found that respondents reported higher consumption for a short recall period (the past week) compared to a more general assessment of typical alcohol consumption as assessed by the AUDIT-C. This finding supports the notion that our respondents underreported typical frequency and quantity of their alcohol consumption in the AUDIT-C. However, our hypothesis that respondents would report higher alcohol use in quantity-frequency based AUDIT-C screening following their recall of alcohol use for each day in the past week was not supported. The opposite was found. Although the actual underlying cognitive processes remain unclear, fewer positive screening results for at-risk alcohol consumption were obtained when respondents were asked to recall past week alcohol use first, even after controlling for gender, age, educational background, relationship status and smoking status. Thus, it has to be acknowledged that we were not able to reduce underreporting in screening for at-risk drinking merely by prompting respondents to recall past week alcohol use before its assessment. However, two alternative explanations are also likely for our unexpected results. Firstly, respondents might have become aware of our particular interest in their drinking behavior when they were faced with the second alcohol measure (either AUDIT or past week alcohol use). The second alcohol measure may have initiated tendencies towards social desirable answers leading to underreporting particularly in the second measure. Misreporting due to social desirability is influenced by the perceived context of the assessment [40] . As the screening was introduced as a survey on different health behaviors, the administration of multiple alcohol measures may have led our respondents to suspect that we have a particular interest in their alcohol consumption. For those for whom the AUDIT was the second measure, responses may have been biased by social desirability in order to downplay past week alcohol use. Our assumption that the second alcohol measure initiated tendencies towards social desirable answers is also supported by the finding that significantly fewer alcoholic drinks were reported in the past week when the past week items were presented after the AUDIT. This points towards a potential source of error in surveys; more alcohol measures within a questionnaire might elicit underreporting and lead to increased bias of participants' disclosures in later alcohol measures.
Secondly, irregular heavy episodic drinking may have caused these results. Apart from typical quantity and frequency of alcohol consumption, heavy episodic drinking is an integral part of hazardous drinking [37] . Underreporting has been shown to be particularly marked among people who engage in heavy episodic drinking infrequently [5] . Infrequent heavy episodic drinkers represent the majority of our sample according to the third AUDIT-C item: 68% indicated to engage in heavy episodic drinking less than once per month. The past week as a time frame may have been too short to include heavy drinking episodes for these people. Thus, administering past week items prior to the AUDIT may have had the undesired effect of prompting our respondents to underestimate their heavy episodic drinking frequency, as the recent recall period most likely did not include such an episode.
Two limitations have to be addressed. First, although the proportion of individuals who participated in our study among the eligible (74%) is acceptable, selection bias is likely. For instance, our sample is not representative of the German general population in terms of educational background: 62% of our sample experienced 12 or more years of schooling. Based on census data, the proportion of 15-to 64-year-olds with 12 or more years of schooling among the general population is only 31% [41] . The town in which the study was conducted is characterized by a large proportion of university students, i.e. 10,247 university students [42] and 58,886 inhabitants [43] . Second, our study lacked external validation data, i.e. we did not have information on the actual amount of alcohol consumed to validate self-reports. This study was based on the common assumption in alcohol research that higher reported alcohol consumption is closer to the true amount of alcohol consumed [5, 29] . However, whether this is true remains afflicted with uncertainty. The gap between self-reported alcohol consumption and estimates derived from alcohol sales data [4] may not only be attributable to underreporting but also to other factors such as systematic sampling errors in population surveys.
Our findings suggest that prompting people to recall past week alcohol use prior to screening may not be a solution to reduce underreporting. Our findings even suggest that the opposite may be true. Putting recent drinking episodes into the focus of attention may not improve the recall of episodic memories required for screening purposes but rather trigger social desirable answers or neglect of more intensive drinking episodes. Furthermore, assessing more than one alcohol measure may amplify underreporting in any subsequent alcohol measure. Identifying the determinants of underreporting in alcohol surveys and finding potential remedies, for instance by means of audio-guided computer-assisted self-interviews [44] or alternative question formats such as within-location beverage-specific questions [5] , remains a worthwhile endeavor in order to prevent false negative screening results and missing people in need for intervention.
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